The antero-posterior axis of bilaterian is determined by set of homeodomain transcription factors encoded by the hox genes that are organized into gene clusters. Remarkably, the arrangement of the hox genes along the chromosome within the cluster corresponds to the order of the structures that are specified along the antero-posterior body axis of the organism. This conserved organization is thought to reflect fundamental mechanism of activation that is conserved through evolution. Nine years back, leading scientists in this field and large number of participants gathered at Center for Cellular and Molecular Biology at Hyderabad to discuss the biology of hox genes in an EMBO workshop entitled 'Upstream and Downstream of Hox Genes' (Affolter and Mann, 2006) . Upstream stands mostly for the chromatin mechanism that govern hox gene regulation and that were discovered through the initial identification of the polycomb group of genes and the trithorax group of genes in Drosophila. Downstream relates to the identification of the target genes regulated by the hox proteins and that realize the morphological features that form along the antero-posterior axis. Downstream also stands for DNA target selection by the hox proteins and their cofactors. Between Upstream and Downstream, lies the study of the regulatory landscape of the hox clusters. Recently, the event was replicated and advances in the field of hox genes were discussed in another edition of the same workshop. It was amazing to see enormous progress in the field during these nine years as well as the new challenges that emerged along with the new insights. An unique asset of the meeting is the gathering of specialists from distant horizons, such as epigeneticists, transcriptional regulation aficionados, developmental biologists and evolutionarists that rarely meet. Discussions of this hox meeting can be broadly clubbed into three groups.
1. While conservation of hox genes and their organization forms the basis of anterior-posterior body axis, small changes in these genes and their regulatory environments also leads to variety along the body axis that is in abundance in nature. Several presentations and posters addressed the new insight in the evolution of hox genes and their role in determining the feature of body, including appendages and digits. 2. Organization of hox genes in close proximity but still coordinated and distinct pattern of their express points to both sharing of regulatory environment as well as the autonomy of expression of each gene in the complex. Chromatin domain boundaries that separate the autonomous regulatory domains are present and best understood in the Hox complex from fly to human. Furthermore, epigenetic regulatory machinery that depends on PcG and TrxG genes has also been conserved, as is the case with hox genes. As we move from invertebrate to vertebrates, as has the number of Hox complexes has increased from one to four or more, PcG genes have also gone through expansion of similar degree. This points to enhanced hox gene number as well as the expansion of epigenetic regulators of hox genes as the major elements that contributed to the evolution of complexity. 3. The homeodomain of Hox proteins has limited specificity for their targets on their own, and a number of co-factors are likely to be assisting hox genes in finding their target loci. Depending on the abundance of hox proteins and assisting factors, hox genes regulate distinct set of downstream genes that eventually determine the features along the body axis. While hox genes determine the anteriorposterior body axis during early development, later during development, they may have specialized function in organ development in different organisms.
Like many other fields in the modern biology, regulatory mechanisms upstream of hox genes and the events downstream of hox genes have gone through remarkable uplift due to the emergence of new techniques enormous amount of information in public domain. Genomics, genome wide epigenetic modifications, long-range interactions and advanced imaging techniques have changed the scale and speed of progress in this field. Talks presented in the meeting promised exciting days in near future in this key locus of developmental programs across the species. Reports representative of these various topics from numerous contributors to the meeting are published in this special issue of MOD.
